shows that both GST-Cables and His 6 -Cables fusion proteins 3A). In P7 brain sections, strong staining is seen in all layers of the cerebral cortex with prominent staining in could be readily phosphorylated by the p35/Cdk5 kinase in vitro. The extent of Cables phosphorylation by the the cell body ( Figure 3D ). In situ hybridization was also performed on sections of various ages, which is consisp35/Cdk5 kinase is similar to that of histone H1, a wellknown substrate of Cdk5, when identical amounts of tent with the data obtained from immunohistochemistry. Collectively, these results indicate that Cables is present protein were used in the kinase reactions (data not shown). Phosphatase treatment downshifted Cables on in postmitotic neurons. High levels of Cables were also seen in the CA1 and CA3 regions of the hippocampus, SDS-PAGE (Figure 2A ), suggesting that Cables is a phosphoprotein in vivo.
and less staining was seen in the dentate gyrus ( Figure  3E ). Hippocampal neurons prepared from E16 mice show that in immature neurons without a dominant proCables Is Expressed in Postmitotic Neurons cess, Cables is present in the cell body and proximal As it was shown previously that the p35/Cdk5 kinase is region of the developing axonal shaft, as revealed by expressed in postmitotic neurons of the cerebral cortex, Deltavision deconvolution microscopy ( Figure 3F ). In we asked if Cables was also present in postmitotic neumore mature neurons with one dominant process, Carons. To examine protein expression, Cables immunobles is also present in the axonal growth cone but not histochemistry was performed on coronal and sagittal in the distal part of the axon shaft or in dendritic growth sections of mouse brain of different developmental cones ( Figure 3G ), suggesting a specific function of Castages using affinity-purified anti-Cables antisera ( Y15 phosphorylation of Cdc2 and Cdk2 by the Wee1 family kinases is inhibitory and must be relieved by the residue. The F15 Cdk5 mutant is able to interact with p35 and Cables to a wild-type extent (data not shown).
Cdc25 family of phosphatases for kinase activation. Surprisingly, we found that Cdk5F15 is much less active To further verify the phosphorylation of Cdk5 by c-Abl, bacterially produced 6ϫHis-Cdk5 fusion protein was (but does have some kinase activity) than is the wildtype kinase ( Figures 5A and 5B ), yet it binds to p35 as used as an in vitro substrate for c-Abl. An anti-phosphotyrosine blot and 32 P␥-ATP incorporation showed that well as or better than wild-type Cdk5. This result suggests that Y15 phosphorylation is stimulatory for Cdk5 Cdk5 is a direct substrate of the c-Abl kinase (data not shown). To determine if Cdk5 is tyrosine phosphorylated kinase activity. To test this hypothesis directly, kinase activity of p35/Cdk5 was compared in the absence or in vivo, an anti-phosphotyrosine Western blot was performed on Cdk5 immunoprecipitates from E15 mouse presence of Cables and c-Abl. Higher levels of p35/ Cdk5 kinase activity were consistently observed in the brain lysates. As demonstrated in Figure 5E , that Cdk5 is 
Thus, it is suggestive that Cables facilitates the interacthe soma of cultured cortical neurons (Figure 6). Cables staining was evident in axonal growth cones in which tion between Cdk5 and c-Abl. To examine if a trimolecular complex was present in vivo, Cdk5 and Cables immu-
Cdk5 is also enriched (Figure 6 ; Nikolic et al., 1996), and the two proteins colocalized. Cables seemed to be noprecipitations were performed using E17 cortical lysates followed by c-Abl Western blots. Figure 5G present more centrally in the growth cone, while Cdk5 extended to the peripheral lamelipodia. c-Abl appears shows that c-Abl is present in both Cdk5 and Cables immunoprecipitates. This result corroborates data shown to be highly enriched in neurites, in agreement with a previous report on c-Abl distribution in the nervous sysin Figure 5D Figure 7A ). In addition, the antisense Cables construct decreased Cables Cortical neurons obtained from E17-E18 rat embryos mature morphologically during the course of culturing protein levels in cortical neurons, as evidenced by immunostaining ( Figures 7B-7D) (Figures 7E and 7G; it is likely that the association of Cdk5 and Cables is part of the signaling pathway that operates during brain Table 1 (Table 1 ). This effect was reversed when coexand L.-H. T., unpublished data). Thus, it appears that pressed with sense Cables. In contrast, 37% of cells both Cables and p35 bind to regions of Cdk5 that include transfected with active Abl elaborated neurites longer the PSSALRE sequence. Therefore, stable binding of than 300 m compared with 14% of mock transfected both Cables and p35 to Cdk5 at the same time may be cells or cells expressing inactive Abl. Statistical analysis difficult, which fits with our experimental data. using ANOVA (Table 1) Harvard Medical School, Boston, MA), anti-phospho-Cdc2 (Tyr15; described (Vidal et al., 1996) . The bait plasmid (pPC97, Leu2) Cdk5dn pAb, New England Biolabs). contained full-length Cdk5 with a point mutation at the aspartic acid 144 position (D144 to N144) fused to a yeast transcription factor Production and Purification of GST-Tagged GAL4 DNA binding domain. It was transformed into yeast strain or His-Tagged Proteins MV101, which contained three reporter genes, ura3, his3, and lacZ.
Cables Is Essential for Neurite Outgrowth when overexpressed in HeLa cells (
GST and His fusion proteins were expressed in E. coli and purified This strain in turn was transformed with an embryonic mouse E14
with GSH beads or nickel-charged beads according to the manufacturer's instructions (Novagen). library fused to the GAL4 activation domain in the reporter plasmid
